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Introduction
The advantages and disadvantages of convergent radial flow tracer tests have been documented in different studies and different countries, especially with regard to high-level nuclear waste disposal [Gelbar et al., 1992, Luckner and Shestakov, 1991] or organic pollutants . Usually, the studies and experiments are limited to the analysis of breakthrough curves in pumping wells, although new sampling technologies (multilevel samplers) are available for concentration measurements at arbitrary points in the field . Because of the complexity of the model, the analysis is often reduced to adjusted one-dimensional solutions [Thorbjamson and ] instead of a more accurate twodimensional transport model. Unlike diverging flow tracer tests, the converging flow structure does not have axial symmetry, especially in the vicinity of the injection well, and therefore formulation of the boundary conditions is a difficult problem. Hodgkinson and Lever [1983] , Moench [1989 Moench [ , 1991 , and Welty and Gelbar [1994] have developed different models for the analysis of convergent flow tracer tests and outlined the differences from divergent flow tracer tests. Hodgkinson and Lever [1983] considered nonaxisymmetric transport between injection and extraction wells in fractured media. Their goal Copyright 1996 by the American Geophysical Union.
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0043-1397/96/96WR-01103509.00 was the analysis of breakthrough curves in an extraction well, which was found after a series of simplifications from the solution of the axisymmetric problem. Hydrodynamic dispersion was approximated by quadratic dependence of the dispersion coet•cient on the seepage velocity in a fracture. Finally, a numerical solution of the problem was obtained by application of the modified Talbot [1979] algorithm for Laplace transform inversion. This approach is not directly applicable to unconsolidated uniform materials, although it properly accounts for differences in geometry between convergent and divergent flow tracer experiments. Moench [1989 Moench [ , 1991 In this note these differences will be reconciled, and recommendations for an improved analysis will be given. 
Boundary Condition at the Injection Well
where c• is the concentration generated in the injection well and transported downstream through the narrow (width w) and short (a few well diameters) discharge zone by advection. This small zone with advection dominated flow has aperture angle 28 (Figures 2 and 3 ). Using definition (1), the boundary condition for the azimuthally averaged concentration is therefore given by C(r., t) = --c, After integration, the known effluent concentration cz(t) can be substituted into boundary conditions (4) and (5).
Mass-Flux-Based Boundary Condition
The boundary condition for mass flux at the boundary r = r, can also be derived from mass conservation [Novakowski, 1992] . It is assumed that the advective-dispersive mass flux to the transport domain rw < r < r, is equal to the advective mass flux from injection well, that is, (6) for the effluent concentration) constitute an alternate set of boundary conditions, in lieu of (4) or (5).
The effluent concentration c• needed in boundary condition (7) or (8) is available from the solution of equation (6). Thus boundary conditions (7) or (8) (after solution of equation

Concentration-Mass Flux Condition for Azimuthally Averaged Concentration
As will be shown below, only the azimuthally averaged concentration is required when the analysis of breakthrough curves is used for interpreting tracer tests. This was shown In our study we proceed in two steps. First, we substitute the effluent concentration c• obtained from condition (6) 
Practical Significance of Corrections
We now address the natural question regarding the practical significance of the correction presented above.
Theoretically, Moench's [1989 Moench's [ , 1991 Assuming that tz•r = 0.01 was obtained by using the unrevised formula and tz•r = 0.25 was obtained using the revised formula in Table 1 , one arrives at the conclusion that the correction suggested by our analysis of the boundary condition cannot be neglected. Consequently, use of the unrevised formula for tz• for parameter identification in Table 1 can produce a bias for injection wells with significant volume. The magnitude of the correction depends on the value of r•/rL, and in field scale experiments one may expect even larger differences. Using the uncorrected mixing factor for the injection well is equivalent to underestimating the mixing volume of the injection well. This conclusion may have serious implications in interpreting field tracer tests. In analyzing field experiments with the unrevised tz•r, one finds that the injection well actually releases the tracer mass slower than is predicted by modeling. Then one can mistakenly attribute the apparent tracer retardation observed in field experiments to nonexisting processes involved in transport (reactions on surfaces, diffusion to matrix, etc.). In reality, it is an artifact of underestimating the injection well mixing factor.
Additional analysis of role of well bore mixing has been given by Welty and Gelhar [1994] . After recalculation of the dimensionless injection well mixing factor tzI according to the recommendations above, the Moench [1989 Moench [ , 1991 method with the Laplace inversion algorithm can be applied as before using existing software.
